The healthy aging process affects the ability to learn and remember new facts and tasks. Prior work has shown that motor learning can be adversely affected by non-motor deficits, such as time. Here we investigated how age, and a dual task influence the learning and forgetting of a new walking pattern. We studied healthy younger (<30 yo) and older adults (>50 yo) as they alternated between 5-min bouts of split-belt treadmill walking and resting. Older subjects learned a new walking pattern at the same rate as younger subjects, but forgot some of the new pattern during the rest breaks. We tested if forgetting was due to reliance on a cognitive strategy that was not fully engaged after rest breaks. When older subjects performed a dual cognitive task to reduce strategic control of split-belt walking, their adaptation rate slowed, but they still forgot much of the new pattern during the rest breaks. Our results demonstrate that the healthy aging process is one component that weakens motor memories during rest breaks and that this phenomenon cannot be explained solely by reliance on a conscious strategy in older adults.
Introduction
The ability to recall motor skills is important for our everyday lives. Anecdotally, we know there are certain motor skills we never forget after they are mastered, such as how to ride a bike or drive a car. However, studies of other types of learning (e.g., declarative learning) demonstrate that memories can be weakened as time elapses (see Backman, Small, and Wahlin (2001) for review). Age has been shown to be an important factor for declarative memory; healthy older subjects forget things more easily than younger ones (see LaVoie and Cobia (2007) for review).
Does healthy aging affect our ability to recall motor memories? Specifically, we asked how motor memories created through adaptation are influenced by age and time. The effects of healthy aging have previously been studied in both skill tasks (i.e., learning tasks that require the acquisition of a new pattern of muscle activations (Krakauer, 2009; Robertson, Pascual-Leone, & Miall, 2004) ) and in adaptive learning (Anguera, Reuter-Lorenz, Willingham, & Seidler, 2011) . Some studies have shown that motor learning is similar between young and old subjects (Bock & Schneider, 2002; Huang & Ahmed, 2014; Roller, Cohen, Kimball, & Bloomberg, 2002) , while others show degradation of learning in older healthy adults (Anguera et al., 2011; Fernandez-Ruiz, Hall, Vergara, & Diiaz, 2000; Huang & Ahmed, 2014; Jordan, 1978; McNay & Willingham, 1998; Warabi, Noda, & Kato, 1986; Wright & Payne, 1985) . One explanation for the discrepancies in the literature is the extent to which different motor learning tasks engage explicit strategies. Explicit learning can be impaired in older compared to younger adults, whereas implicit, non-strategic, recalibration mechanisms may remain intact (Bock, 2005; Hegele & Heuer, 2013; Heuer, Hegele, & Sülzenbrück, 2011; McNay & Willingham, 1998) . Thus, one hypothesis is that motor learning tasks that can involve more cortical, strategic planning should show greater differences due to aging (Anderson, Craik, & Naveh-Benjamin, 1998; Anguera et al., 2011) .
Here we investigated age-related effects on both the ability to adapt to a walking perturbation and the ability to recall the walking pattern following rest breaks during learning. Adaptation is an error-driven process that adjusts existing sensorimotor mappings of well-learned movements to account for new, predictable demands (Martin, Keating, Goodkin, Bastian, & Thach, 1996) . Walking is a behavior that relies less on cortical processing compared with other motor learning tasks that are typically studied in aging (e.g. reaching, finger sequencing). Our well-characterized walking adaptation paradigm perturbs subjects via a split-belt treadmill by driving one leg faster than the other (Reisman, Block, & Bastian, 2005) . Additionally, our prior work has shown that a dual task can slow adaptation in healthy young adults, which is
